the falling frame of reference, the body is motionless, there is no net acceleration, and therefore W = 0. 
The Reduced-Gravity Demonstrator
The Reduced-Gravity Demonstrator consists of four essential parts: (1) an experiment platform, (2) a drop structure to support the platform as it is hoisted to the top and released into freefall, (3) a foam-padded crate to catch the platform as it lands, and (4) a video cassette recorder (VCR) and a monitor to record the experiment during the &op and replay it afterwards.
(1) The experiment platform consists of a video camera and one of several interchangeable experiment payloads Fig. 2 . Experiment platform.
(described below). The experiment payloads use base plates of a common size for simple attachment. An eye bolt is fastened to the platform so it can be hoisted to the top of the drop structure using a rope and pulley. The drop is initiated by simply releasing the rope.
(2) The drop structure provides a rigid means by which one can easily raise and release the experiment platform (see Fig. 2 ). The structure is segmented for easy assembly and provides a free-fall distance of approximately 2 m. Thus, the platform and experiment will free fall for about 0.6 s.
(3) The foam-padded crate cushions the impact when the platform hits the bottom, and as shown in Fig. 1 , a mount for the drop structure is fastened to its internal side wall.
(4) The video system consists of a video recorder and monitor that are connected to the video camera mounted on the experiment platform. A long cable is connected from the "video out" port of the camera (on the platform) to the input of the VCR. The cable is approximately 4 m in length to allow unrestricted motion of the platform during the drop. The output of the VCR is then connected to the input of the monitor. It is helpful to use a video recorder with a frame-byframe jog shuttle (or slow motion) to replay the video slowly since the test time is short (0.6 s).
The Payloads
Here are several sample experiments that we use to illustrate the physics of fluids, flames, and mechanical systems. Their behavior is shown both at normal gravity (lg) and also during the drop when the experiment is in microgravity (_tg).
Weightlessness.
To demonstrate the principle of weightlessness, a scale holding a mass is dropped. The two forces that counterbalance each other in this experiment are the force of the spring in the scale and the gravitational force acting on the mass, i.e., the weight.
Prior to the drop, the weight of the mass balances the repulsive force of the spring such that the net acceleration of the payload is zero (_.F = ma = kx -mg = 0, where k is the spring constant and x is the displacement of the spring as indicated by the location of the arrow on the scale). During the drop, the only force acting on the weight, relative to the payload, is the spring force (EF = kx = 0 --> x = 0), so the indicator on the scale moves toward zero.
The only special material needed for this experiment is a small scale (dietary or postage) with a weight fastened to the top (see Fig. 3 ). The weight should be appropriately chosen so that the indicator reads in the middle of the scale before initiation of the drop. We also recommend putting a piece of foam between the weight and the top of the scale to cushion the impact when the package hits the bottom.
Fluid Interface.
The fluid-interface experiment highlights the importance of surface tension in the absence of gravity.
In lg, surface tension is evident only near the container walls while most of the surface is flat. In _tg, surface tension leads the liquid to assume a very different shape since the liquid tends to creep up the container walls by capillary forces. This is most evident in the cor- 
This experiment requires a candle
with an enclosure to protect it from air drafts during the drop (see Fig. 5 ). Otherwise, the candle tends to flicker, obscuring observation of its microgravity behavior. The enclosure must have an opening for air exchange or the candle will quickly extinguish due to depletion of oxygen. Our best success was with a single opening at the top, covered with a fine wire mesh to limit the drafts, and a small door at the base of the enclosure to allow for ignition. This door was i.e.,
Frepulsiv e -mg = 0. During the drop, the only force acting in the falling reference frame is that due to the magnets. Hence, the separation distance between the magnets increases.
This experiment requires two magnets. One should be fastened to the payload base while the other should be suspended above it. We have fastened the upper magnet to a pivoting support, yet there are many different ways to do it (see Fig. 6 ). For instance, if you have two doughnut-shaped magnets, you could simply attach one magnet to the base, mount a vertical rod through its center hole, and then suspend the second magnet above the first, using the rod as a guide. A stop should be added at the top of the rod to prevent the magnets from falling off during the drop or upon deceleration.
We thatcanbeeasily demonstrated to students.
Alternative Suggestions
If you do not wish to invest the time and money into building the ReducedGravity Demonstrator discussed here, we offer some alternatives. First, you can eliminate the drop structure by simply suspending a pulley from the ceiling. Also, you can use a cushioned cardboard box for the deceleration system at the end of the drop. The experiment platform can be something as simple as a wooden board to which the camera and experiment are mounted. We do, however, suggest that you use some kind of "roll bar" or protective covering on the sides of the board to protect the camera and experiment on impact. A good choice for the video camera is a "board" camera, which is literally a circuit board with a lens mounted on it. These cameras are generally small (order of several cubic cm), cost about $200, and can be purchased from many electric and video supply companies.
Most other video cameras are also solid-state and sufficiently rugged, although we discourage the use of camcorders due to the fragile nature of their recording mechanism.
Have fun and enjoy exploring the wonderful, abstract nature of gravity.
